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Abstract: To select elite germplasms, 112 mutants derived from japonica rice cultivar Wuyujing 3 were 
evaluated. The yield components such as panicle number per square meter, grain number per panicle,
and grain weight were measured. The quality traits such as percentage of chalky grains (PCG), brown 
rice yield (BRY), milled rice yield (MRY), degree of milling (DM), amylose content (AC), protein content 
(PC), and relationships among traits were inverstigated. Results showed that grain yield ranged from 
2.15 to 12.49 t/hm2 with a mean of 6.4 t/hm2 and number of grains per square meter contributed for 
94.64% in grain yield variation. For quality traits, all rice mutants had short size (grain length ≤ 5.5 mm) 
and bold shape (grain length to width ratio = 1.10–2.00). Most of rice mutants (87.5%) had PCG values 
below 20%. All mutants had MRY values above 50%, AC values below 20%, and PC values below 10%. 
Percentage of chalky grains was significantly negatively correlated with MRY and positively correlated 
with DM. BRY and MRY were significantly negatively correlated with DM. PC was significantly and 
positively correlated with MRY and negatively correlated with DM, while AC had no significant 
correlation with these quality traits. It was concluded that there were 25 rice mutants which fulfilled the 
major requirements of Jiangsu standard japonica rice such as low percentage of chalky grains, low 
amylose content, optimal protein content, and which could be used as elite germplasms. Thus the 
mutants identified may lead to significant progress in improvement of rice quality.
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&HUHDOV DUH WKH PRVW LPSRUWDQW IRRG IRU KXPDQV
$PRQJ WKHP ULFH LV WKH VWDSOH IRRG IRU PRUH WKDQ
KDOI WKH ZRUOG¶V SRSXODWLRQ &KDPSDJQH 
%KDWWDFKDU\D&KLQDLVWKHODUJHVWULFHSURGXFHU
LQ WKHZRUOG FRQWULEXWLQJ  RI WKH JOREDO ULFH
SURGXFWLRQLQ)$267$75LFHYDULHWLHV
GLYLGHGLQWRWZRPDMRUW\SHVLQGLFDDQGMDSRQLFDDUH
EHLQJ JURZQ LQ GLIIHUHQW SDUWV RI &KLQD ,NHKDVKL
DVDUHVXOWRIH[WUHPHYDULDWLRQLQDJURFOLPDWLF
FRQGLWLRQVYDU\LQJIURPWKHZDUPDQGKXPLGWURSLFV
LQWKHVRXWKWRWKHFRROHUVXEWURSLFVLQWKHFHQWUDODQG
WR QRUWKHUQ &KLQD ZLWK LWV PXFK FRROHU FOLPDWH DQG
VKRUWHU JURZLQJ VHDVRQ +DQVHQ HW DO  7KH
VRXWK RI &KLQD HVSHFLDOO\ WKH ORZHU <DQJW]H 5LYHU
YDOOH\V LQ -LDQJVX =KHMLDQJ DQG$QKXL SURYLQFHV LV
FKDUDFWHUL]HGE\WKHVXEVWLWXWLRQRILQGLFDE\MDSRQLFD
FXOWLYDULQWKHODVWWKUHHGHFDGHV+DQVHQHWDO
MDSRQLFD ULFH SUHYLRXVO\ JURZQ DQG FRQVXPHG
SULPDULO\ LQ WKH QRUWKHUQ SURYLQFHV 7KH H[SDQVLRQ
ZDV D UHVXOW RI WKH JURZLQJ FRQVXPHU SUHIHUHQFH IRU
MDSRQLFD ULFH DQG LWV FRPSHWLWLYH SULFH &KHQ HW DO
 +RZHYHU WKH H[SDQVLRQ LV FRQVWUDLQHG E\
WHPSHUDWXUHIRUH[DPSOHLQWKH<DQJW]H5LYHU9DOOH\
WKH GDLO\ WHPSHUDWXUH YDULDWLRQ GXULQJ ULFH JURZLQJ
VHDVRQ LV QRW ODUJH HQRXJK WR SURGXFH KLJK TXDOLW\
MDSRQLFDULFH$UHJXODUSHULRGRIFRROHUWHPSHUDWXUHV
DW QLJKW IRXQG LQ WKH IDUWKHU QRUWK RI &KLQD LV
UHTXLUHGIRUKLJKTXDOLW\MDSRQLFDYDULHWLHVEHFDXVHLW
 http://dx.doi.org/10.1016/j.rsci.2016.01.004
Copyright © 2016, China National Rice Research Institute. Hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer review under responsibility of China National Rice Research Institute
5LFH6FLHQFH9RO1R 
DOORZV WKH SODQW WR IXOO\ GHYHORS VWDUFK PROHFXOHV
+DQVHQHWDO
5HVHDUFKHUV DQG EUHHGHUV KDYH EHHQ ZRUNLQJ WR
LQFUHDVHJUDLQ\LHOGDQGLPSURYHWKHTXDOLW\RIMDSRQLFD
ULFH VLQFH LW ZDV LQWURGXFHG DQG EHFDPH SRSXODU LQ
<DQJW]H 5LYHU 9DOOH\ &KHQ HW DO  4LDR HW DO
<DQJHWDO&RQVLGHUDEOHSURJUHVVLQWKH
LPSURYHPHQWRIULFHTXDOLW\KDVEHHQDFKLHYHG&KHQ
HWDOZLWKSDUWLFXODUHPSKDVLVLQ-LDQJVX3URYLQFH
<DQJHWDO UHSRUWHGWKDWVSULQJLQHVVVWLFNLQHVV
DQG KDUGQHVV RI FRRNHG -LDQJVX MDSRQLFD ULFH ZHUH
VLPLODUWRQRUWKHDVWMDSRQLFDULFHZKLFKLVFRQVLGHUHG
WR EH WKH EHVW MDSRQLFD ULFH LQ &KLQD LQ WHUPV RI
TXDOLW\ 6LPLODULW\ ZDV DOVR UHSRUWHG IRU DP\ORVH
FRQWHQW ZKHUHDV SURWHLQ FRQWHQW ZDV VOLJKWO\ KLJKHU
IRU -LDQJVX MDSRQLFD ULFH WKDQ WKDW IURP QRUWKHDVW RI
&KLQD<DQJHWDO<DQJHWDO UHSRUWHG
WKDW JHQHUDOO\ MDSRQLFD ULFH LQ -LDQJVX 3URYLQFH KDV
JRRGFRRNLQJDQGHDWLQJTXDOLW\)XUWKHUPRUHWKHUHLV
KLJKHUJUDLQ\LHOGLQ-LDQJVXWKDQRWKHUSDUWVRI&KLQD
&KHQ HW DO  +RZHYHU RFFXUUHQFH RI KLJK
FKDONLQHVVJUDLQVQHJDWLYHO\DIIHFWVWKHDSSHDUDQFHRI
MDSRQLFD LQ WKLV SURYLQFH &KHQJ HW DO $V DQ
H[DPSOH<DQJHW DO UHSRUWHGFKDONLQHVV JUDLQ
UDWH RI  D YDOXH FRUUHVSRQGLQJ WR FODVV,,,
DFFRUGLQJ WR &KLQD¶V VWDQGDUG DSSHDUDQFH TXDOLW\
FODVVLILFDWLRQ,QWXUQFKDON\JUDLQVLQIOXHQFHPLOOLQJ
TXDOLW\ LH WKH\ DUH PRUH VXVFHSWLEOH WR EUHDNDJH
GXULQJ PLOOLQJ ZKLFK UHGXFHV WKH RYHUDOO ULFH JUDLQ
TXDOLW\DIIHFWLQJFRQVXPHUDFFHSWDELOLW\DQGORZHULQJ
PDUNHWYDOXH6LQJKHWDO
5LFH JUDLQ TXDOLW\ LV JHQHUDOO\ FODVVLILHG LQWR IRXU
PDMRUSK\VLFDODQGFKHPLFDO LQGLFDWRUV LHDSSHDUDQFH
TXDOLW\ JUDLQ OHQJWK JUDLQZLGWK OHQJWKZLGWK UDWLR
DQGFKDON\JUDLQPLOOLQJTXDOLW\EURZQULFH\LHOGDQG
PLOOHGULFH\LHOGFRRNLQJDQGHGLELOLW\FKDUDFWHULVWLFV
DP\ORVH FRQWHQW DQG QXWULWLRQDO TXDOLW\ SURWHLQ
FRQWHQW .RXWURXEDVHWDO/LHWDO7KH
LQWHJUDWHGNQRZOHGJHRIWKHLUUROHVLQILQDOULFHTXDOLW\
DQG UHODWLRQVKLSVDPRQJ WKHP LVNH\ WRPDQLSXODWLQJ
WKHLUFRPSRVLWLRQWKURXJKEUHHGLQJSURJUDPVDQGWKXV
GHYHORSLQJQHZULFHYDULHWLHVZLWKEHWWHUTXDOLW\7KH
UHVHDUFKSURJUDPVLQ-LDQJVX3URYLQFHDUHIRFXVHGRQ
FKDON\ JUDLQV DP\ORVH FRQWHQW DQG SURWHLQ FRQWHQW
)LUVWO\FKDON\JUDLQLVFRQVLGHUHGDVWKHJUHDWHVWLVVXH
IRUWKHDSSHDUDQFHRIMDSRQLFDULFH&KHQJHWDO
4LDR HW DO  6HFRQGO\ WKH FRQVXPHUV SUHIHU
VRIWHU ULFH KHQFH YDULHWLHV ZLWK ORZ WR PHGLXP
DP\ORVHFRQWHQWDUHYHU\SRSXODULQ-LDQJVX3URYLQFH
DQG 1DQMLQJ  LV UDQNHG DV WKH WRS DPRQJ DOO WKH
VDPSOHV WHVWHGZLWK$& RI  <DQJ HW DO 
/DVWO\ WKH SURWHLQ FRQWHQW LV FRQVLGHUHG DV WKHPDLQ
GHWHUPLQDQW RI QXWULWLRQDO YDOXH IRU ULFH FRQVXPHUV
1LQJHWDO7KHVHLQGLFDWRUVDUHDOVRFRUUHODWHG
ZLWK HDFK RWKHU IRU H[DPSOH EUHDNDJH RI JUDLQV
GXULQJPLOOLQJ LV DVVRFLDWHGZLWK FKDONLQHVV 6LQJK
HW DO  DOVR PLOOLQJ UHGXFHV SURWHLQ LQ ULFH
5HVVXUHFFLRQ HW DO  9LODUHDO HW DO 
UHVXOWLQJLQORVVLQQXWULHQWFRQWHQWIRUWKHPLOOHGULFH
&KDPSDJQH
:X\XMLQJKDVEHFRPHRQHRI WKHPRVW LPSRUWDQW
ULFHFXOWLYDUVLQ-LDQJVX3URYLQFHVLQFHLWZDVEUHGLQ
 <DQJ HW DO  DQG LW H[KLELWV H[FHOOHQW
HDWLQJTXDOLW\*XHWDO+RZHYHULQWKHFRXUVH
RIWLPH:X\XMLQJKDVVKRZHGUHODWLYHO\ORZHUJUDLQ
\LHOG SRWHQWLDO VXVFHSWLELOLW\ WR VKHDWK EOLJKW DQG
KDYLQJDKLJKFKDON\UDWH;LHWDO7KHSUHVHQW
VWXG\ ZDV FRQGXFWHG WR HYDOXDWH \LHOG DQG SK\VLFR
FKHPLFDO TXDOLW\ WUDLW YDULDWLRQ RI WKH PXWDQWV RI
MDSRQLFD ULFH FXOWLYDU:X\XMLQJ  IRU VHOHFWLQJ HOLWH
JHUPSODVPVRIULFHTXDOLW\
MATERIALS AND METHODS 
Materials and experiment field conditions 
,Q&KLQD:X\XMLQJLVDKLJKTXDOLW\EHQFKPDUNIRU
MDSRQLFDULFHFXOWLYDU,Q:X\XMLQJDVPRWKHU
SODQW 0 ZDV JURZQ LQ WKH ILHOG ,Q  VHHGV
REWDLQHGIURP0SODQWZHUHVRZQLQWKH ILHOGDV0
JHQHUDWLRQ7KHSODQWV0WKDWGLIIHUHGIURPWKHSODQWV
0ZHUHPDUNHG6HHGVRI WKH0SDQLFOHZHUHVRZQ
LQ VHSDUDWH URZV LQ QXUVHU\ EHGV 7KH PDLQWHQDQFH
SURFHVV JHQHUDWLRQV ZHUH VXFFHVVLYHO\ UHSHDWHG WR
REWDLQVHHGVIURPSODQW0LQ,QVHHGVRI
SODQWV 0 ZHUH VRZQ DV  GLIIHUHQW PXWDQWV RI
:X\XMLQJ7KHVHHGVZHUHVRDNHGIRUKLQGLVWLOOHG
ZDWHU DQG WKHQ WUHDWHG ZLWK  HWK\O PHWKDQH
VXOIRQDWH (06 IRU  K DW URRP WHPSHUDWXUH RI
DERXW  & $IWHU  K WKH VHHGV ZHUH ULJRURXVO\
ZDVKHG %HIRUH VRZLQJ VHHGVZHUH VRDNHG IRU  K
DQG WKHQ GUDLQHGK 7KH VHHGOLQJVRIPXWDQWV
ZHUH WUDQVSODQWHGRQ-XQHDQGKDUYHVWHGDW
HDUO\1RYHPEHUDW WKH H[SHULPHQWDO IDUPRI1DQMLQJ
$JULFXOWXUDO 8QLYHUVLW\ 'DQ\DQJ ƍƎ1
ƍƎ( -LDQJVX 3URYLQFH &KLQD $OO WKH ULFH
PXWDQWVDUHVKRZQLQ6XSSOHPHQWDO7DEOH  
Field preparation and experiment design 
6DPSOHVZHUHSRROHGIURPWZRWUHDWPHQWVRIQLWURJHQ
IHUWLOL]HU1QRQLWURJHQIHUWLOL]HUDQG1NJKP
-RVH'DQLHO$%$&$5HWDO9DULDWLRQLQ<LHOGDQG3K\VLFRFKHPLFDO4XDOLW\7UDLWVDPRQJ-DSRQLFD5LFH0XWDQWV
ZKLFK ZDV DSSOLHG DV XUHD LQ WZR HTXDO VSOLWV 
NJKPEDVDOIHUWLOL]HUDQGUHPDLQLQJNJKPZDV
DSSOLHG DW SDQLFOH LQLWLDWLRQ VWDJH $YHUDJHV RI WKH
WZR WUHDWPHQWV ZHUH XVHG IRU FRPSDULVRQV $QG 
GD\ROGVHHGOLQJVRIHDFKULFHPXWDQWZHUHWUDQVSODQWHG
ZLWK VSDFLQJ RI  FP EHWZHHQ KLOOV DQG  FP
EHWZHHQURZVZLWKDSORWVL]HRIPîP
)RUDOO SORWV SKRVSKRUXV IHUWLOL]HUVZDV LQFRUSRUDWHG
LQWR WKH VRLO EHIRUH WUDQVSODQWLQJ DV PRQRFDOFLXP
SKRVSKDWH&D+32DWWKHUDWHRINJKP32
3ORWV ZHUH UHJXODUO\ KDQGZHHGHG XQWLO FDQRS\ ZDV
FORVHGWRSUHYHQWZHHGGDPDJH3HVWLFLGHVZHUHXVHG
WRSUHYHQWSHVWGDPDJH$OORWKHUDJURQRPLFSUDFWLFHV
ZHUH XVHG DFFRUGLQJ WR ORFDO UHFRPPHQGDWLRQV WR
DYRLG\LHOGORVV
Harvesting and rice grain yield measurement 
5LFH PXWDQWV ZHUH KDUYHVWHG DIWHU UHDFKLQJ PDWXULW\
VWDJH(LJKWHHQSODQWVZHUHUDQGRPO\VHOHFWHGH[FHSW
ERUGHU SODQWV EHIRUH KDUYHVWLQJ WR FRXQW WKH WRWDO
QXPEHU RI SDQLFOHV SHU SODQW 1R RI SDQLFOHV SHU
VTXDUH PHWHU 360 ZDV GHWHUPLQHG E\ PXOWLSO\LQJ
SDQLFOHQXPEHUSHUSODQWE\WRWDOQXPEHURISODQWSHU
VTXDUH PHWHU 7KHQ  SDQLFOHV ZHUH XVHG WR FRXQW
JUDLQ QXPEHU SHU SDQLFOH 1R RI JUDLQV SHU VTXDUH
PHWHU *60 ZDV FDOFXODWHG E\ PXOWLSO\LQJ SDQLFOH
QXPEHUSHUVTXDUHPHWHUE\JUDLQQXPEHUSHUSDQLFOH
*UDLQZHLJKWZDVWDNHQRQJUDLQV$IWHUPHDVXULQJ
DOOQHFHVVDU\FRPSRQHQWVDQGVSHFLILFSDUDPHWHUVWKH
ZKROH VDPSOHZDV KDUYHVWHG IRU ODERUDWRU\ DQDO\VLV
$IWHU KDUYHVWLQJ SDGG\ JUDLQV ZDV GULHG XQGHU
VXQOLJKWIRUGDQGWKHQNHSWLQWKHRYHQDW&IRU
KWRGU\DQGDGMXVWPRLVWXUHFRQWHQWWRDERXW
Physical quality traits 
Brown rice yield 
$ WRWDO RI  J SDGG\ JUDLQV ZHUH GHKXVNHG WZLFH
XVLQJD6DWDNHWHVWLQJKXVNHUPRGHO7+8% WKHQ
WKH KXVNHG ULFH ZDVZHLJKHG 7KH DYHUDJH RI ZKROH
EURZQULFHZDVGHWHUPLQHGEDVHGRQVL[UHSOLFDWLRQV
Milled rice yield  
$OOWKHKXVNHGULFHREWDLQHGZDVPLOOHGWZLFHXVLQJD
6DWDNH WHVWLQJPLOOHU PRGHO702 WKHQ WKHPLOOHG
ULFH ZDVZHLJKHG 7KH DYHUDJH RI ZKROH PLOOHG ULFH
ZDVGHWHUPLQHGEDVHGRQVL[UHSOLFDWLRQV
Degree of milling 
'HJUHHRIPLOOLQJ'0ZDVGHWHUPLQHGE\WKHPHDQ
JUDLQ ZHLJKWV RI WKH EURZQ ULFH P%5 DQG RI WKH
PLOOHG ULFH P05 DQG WKHQ WKH ZHLJKW ORVV ZDV
FDOFXODWHG7KHPLOOLQJGXUDWLRQZDV VDQG'0LV
JLYHQE\IROORZLQJH[SUHVVLRQ
DM mBR±mMRmBR î
Grain length, grain width and length to width ratio 
7KH JUDLQ OHQJWK */ DQG JUDLQ ZLGWK *: ZHUH
PHDVXUHG XVLQJ VFDOH JUDGXDWHG LQ PLOOLPHWHUV 7KH
UDQGRPO\ VHOHFWHG  JUDLQV EURZQ ULFH ZDV XVHG
ZHUHFDUHIXOO\DUUDQJHGDWWKHVDPHWLPHDQGWKHWRWDO
OHQJWKPHDVXUHG 7KH YDOXH REWDLQHGZDV GLYLGHG E\
WRJLYHWKHDYHUDJHOHQJWKRIHDFKJUDLQ7KHJUDLQV
ZHUHDOVRVLPLODUO\DUUDQJHGZLGWKZLVHWRPHDVXUHWKH
ZLGWK /HQJWK WR ZLGWK UDWLR /: ZDV GHWHUPLQHG
GLYLGLQJOHQJWKE\ZLGWK7KHDYHUDJHVRIWKHVHWUDLWV
ZHUHGHWHUPLQHGEDVHGRQVL[UHSOLFDWLRQV
Percentage of chalky grains (PCG) 
2QH KXQGUHG EURZQ ULFH JUDLQV ZHUH UDQGRPO\
VHOHFWHGDQGSODFHGRQJODVVSODWH7KHSHUFHQWDJHRI
WKRVHZLWKFKDON\ZDVGHWHUPLQHGE\H\H7KHDYHUDJH
RI WKH SHUFHQWDJH RI JUDLQV ZKLFK ZHUH FKDON\ ZDV
GHWHUPLQHGEDVHGRQVL[UHSOLFDWLRQV
Chemical quality traits  
Amylose content (AC) 
$ WRWDO RI  PJ PLOOHG ULFH IORXU ZDV SODFHG LQWR
JODVVWXEHDQGWKHQP/RIHWKDQRODQGP/RI
 PRO/ 1D2+ VROXWLRQ ZDV DGGHG DQG WKH PL[WXUH
ZDV VWLUUHG 7KH VXVSHQVLRQ ZDV SODFHG LQ D ERLOLQJ
ZDWHUEDWKIRUPLQDQGWKHVXVSHQVLRQZDVVWLUUHG
WZLFHGXULQJERLOLQJ$IWHUPLQWKHVXVSHQVLRQZDV
UHPRYHGDQGLPPHGLDWHO\FRROHGDQGWUDQVIHUUHGLQWR
 P/ YROXPHWULF IODVN DQG GLOXWHG XS WR  P/
ZLWK GLVWLOOHG ZDWHU $SSUR[LPDWHO\  P/ RI
GLVSHUVLRQZDVWDNHQLQWRP/JUDGXDWHGWXEHZLWK
VWRSSHUDQGP/RISHWUROHXPHWKHUZDVDGGHG7KH
VXVSHQVLRQ ZDV SODFHG LQ D VKDNLQJ FKDPEHU IRU 
PLQ$IWHUVKDNLQJLWZDVNHSWIRUPLQDQGXSSHU
OD\HURISHWUROHXPHWKHUZDVDEVRUEHGFDUHIXOO\ZLWKD
V\ULQJHSXPSV7KHQP/RIGLVSHUVLRQZDVSODFHG
LQWR D  P/ YROXPHWULF IODVN DQG WKHQ D VPDOO
DPRXQW RIZDWHU DQG P/RI PRO/ DFHWLF DFLG
VROXWLRQDQGP/RILRGLQHUHDJHQWVZDVDGGHGDQG
WKH VROXWLRQ ZDV GLOXWHG XS WR  P/ ZLWK GLVWLOOHG
ZDWHU $V D FRQWURO  P/ RI  PRO/ 1D2+
VROXWLRQ ZDV XVHG WR UHSODFH WKH VDPSOH VXVSHQVLRQ
7KLV FRQWURO VROXWLRQ ZDV XVHG WR FDOLEUDWH D
VSHFWURSKRWRPHWHU WR  DW  QP 6DPSOHV ZLWK
NQRZQ YDOXH RI KLJK PHGLXP DQG ORZ DP\ORVH
FRQWHQW ZHUH XVHG WR GUDZ WKH VWDQGDUG DP\ORVH
FRQWHQWFXUYH7KHDP\ORVHFRQWHQWRIVDPSOHVROXWLRQ
UHODWLYH WR WKH VDPSOH GU\ZHLJKWZDV GHWHUPLQHGE\
5LFH6FLHQFH9RO1R 
FRPSDULVRQWRWKLVVWDQGDUGFXUYH
Protein content (PC) 
$SSUR[LPDWHO\JPLOOHGULFHIORXUZDVSODFHGLQWR
 P/ GU\ FHQWULIXJH WXEH 7KHQ LW ZDV WDNHQ IRU
IROORZLQJIRXUH[WUDFWV7ULV+&OEXIIHUJ7ULV
P/+2S+7ULV1D&OJ7ULV
 J 1D&O    P/ +2 S+  7ULV
SURSDQROJ7ULVP/+2QQXWDQROS+
 DQG %LXUHW  J &X62Â+2   J
.1D&+2ā+2J.2+P/+2
7KHDPRXQWRIHDFKH[WUDFWZDVP/GXULQJPLQ
'XULQJH[WUDFWLRQ WLPH WKH VROXWLRQZDVVWLUUHG WKUHH
WLPHVLQHDFKPLQ7KHQLWZDVFHQWULIXJHGGXULQJ
PLQ DW  îg$QG P/ZDV H[WUDFWHG IURP
VDPSOH VROXWLRQ DQG DGGHG WR  P/ RI &RRPDVVLH
EULOOLDQW EOXH * VROXWLRQ IRU WKH ILUVW WKUHH
H[WUDFWLRQV WKHQ WKH YDOXH RI WHVW VROXWLRQ ZDV
GHWHUPLQHGZLWKZDYHOHQJWKRIQPZKLOHIRU WKH
IRXUWK H[WUDFW WKH YDOXH RI WHVW VROXWLRQZDV GLUHFWO\
GHWHUPLQHG DIWHU WKH SURFHVV RI FHQWULIXJDWLRQ E\
XVLQJ WKHZDYHOHQJWK RI  QP 7KH ELXUHW UHDJHQW
ZDVXVHGWRGUDZWKHVWDQGDUGFXUYH7KHYDOXHRIWHVW
VROXWLRQREWDLQHGZDVXVHGWRFDOFXODWHSURWHLQFRQWHQW
DFFRUGLQJWKHVWDQGDUGFXUYH
Statistical analysis 
'DWD ZHUH DQDO\]HG XVLQJ 6366 SDFNDJH
5HJUHVVLRQZDVXVHGIRUHVWLPDWLQJWKHFRQWULEXWLRQRI
HDFK\LHOGFRPSRQHQWRQILQDOJUDLQ\LHOG+LVWRJUDPV
ZHUHXVHGIRUGHVFULSWLYHVWDWLVWLFVRIDOOJUDLQTXDOLW\
WUDLWVZKLOH3HDUVRQFRUUHODWLRQZDVXVHGWRGHWHUPLQH
UHODWLRQVKLSVDPRQJWUDLWV
RESULTS 
Grain yield and yield components 
7KH UHVXOWV VKRZHG ZLGH YDULDWLRQ DPRQJ DOO ULFH
PXWDQWVIRU\LHOGDQG\LHOGFRPSRQHQWV6XSSOHPHQWDO
7DEOH  360 JUDLQ QXPEHU SHU SDQLFOH DQG JUDLQ
ZHLJKW UDQJHG IURP  ': WR 
':  ': WR  ':
DQG  PJ ': WR  PJ ':
ZLWK PHDQ RI   DQG  PJ
UHVSHFWLYHO\ 7KH UHODWLRQVKLSV EHWZHHQ JUDLQ \LHOG
DQG LWV FRPSRQHQWV DUH VKRZQ LQ )LJ  5HVXOWV
VKRZHG WKDW JUDLQ \LHOG LQFUHDVHG OLQHDUO\ ZLWK
LQFUHDVLQJJUDLQQXPEHUSHUSDQLFOHR P
 0RUHRYHU WKH\ ZHUH VLJQLILFDQWO\ DQG
SRVLWLYHO\ FRUUHODWHG r   P   7DEOH 
360DQGJUDLQZHLJKWKDGQROLQHDUUHODWLRQVKLSZLWK
LQFUHDVLQJJUDLQ \LHOG R DQGR 
UHVSHFWLYHO\P !DQGZHUHDOVRQRWVLJQLILFDQWO\
FRUUHODWHGr DQGUHVSHFWLYHO\P!
7DEOH,QDGGLWLRQWRWKHFRQWULEXWLRQRI LQGLYLGXDO
\LHOGFRPSRQHQW WKHFRQWULEXWLRQRI*60ZDVWDNHQ
LQWRDFFRXQW LQ WKH SUHVHQW VWXG\$ OLQHDU LQFUHDVLQJ
)LJ  DQG SRVLWLYH FRUUHODWLRQ EHWZHHQ JUDLQ \LHOG
DQG*60ZHUHREVHUYHGr P 7DEOH
7KH YDOXH RI WKH R    IRU *60 ZDV JUHDWHU
WKDQR    YDOXH IRU JUDLQ QXPEHU SHU SDQLFOH
Fig. 1. Relationships between grain yield and its components.
1RRIJUDLQVSHUSDQLFOH1RJUDLQVSHUVTXDUHPHWHU
-RVH'DQLHO$%$&$5HWDO9DULDWLRQLQ<LHOGDQG3K\VLFRFKHPLFDO4XDOLW\7UDLWVDPRQJ-DSRQLFD5LFH0XWDQWV
)LJ7KLVLPSOLHVWKDW WKHFRQWULEXWLRQRI*60LQ
JUDLQ \LHOG ZDV JUHDWHU WKDQ DOO LQGLYLGXDO
FRQWULEXWLRQV 7KXV UHVXOWV LQGLFDWH WKDW XQGHU WKH
FRQGLWLRQV LQ ZKLFK WKLV VWXG\ ZDV H[HFXWHG *60
ZDV WKH PRVW LPSRUWDQW \LHOG FRPSRQHQW 7KH ULFH
PXWDQWVZLWKPRUH*60KDG KLJKHU JUDLQ \LHOG WKDQ
WKRVH ZLWK IHZHU *60 7KHVH UHVXOWV VXJJHVW WKDW
VHOHFWLRQRIULFHPXWDQWVZLWKKLJK*60PD\LQFUHDVH
JUDLQ\LHOG
7KHJUDLQ\LHOGVUDQJHGIURPWKP':
WRWKP':ZLWKDPHDQRIWKP
6XSSOHPHQWDO 7DEOH  7KH IUHTXHQF\ GLVWULEXWLRQ
IRUJUDLQ\LHOGVLVVKRZQLQ)LJ*UDLQ\LHOGVKDGD
PXOWLPRGDO GLVWULEXWLRQ ZLWK YDOXHV IDOOLQJ LQWR RQH
ODUJH JURXS ± WKP DQG WZR VPDOO VXE
JURXS ± WKP DQG ± WKP
UHVSHFWLYHO\ 7KH WRS ILYH JUDLQ \LHOGV FRQVWLWXWHG
':  WKP ':  WKP
':WKP':WKPDQG
':WKP6XSSOHPHQWDO7DEOH
Physical quality traits 
Appearance quality 
6L]H DQG VKDSH DUH WZR SDUDPHWHUV GHILQHG E\ JUDLQ
OHQJWK DQG OHQJWK WR ZLGWK UDWLR UHVSHFWLYHO\ */
UDQJHG IURP  PP ': WR  PP
':ZLWK DPHDQ RI PP 6XSSOHPHQWDO
7DEOH/:UDQJHG IURP ': WR
':ZLWKDPHDQRI6XSSOHPHQWDO7DEOH
 7KH IUHTXHQF\ GLVWULEXWLRQV IRU */ DQG /: DUH
VKRZQLQ)LJ*/DQG/:KDGDXQLPRGDOGLVWULEXWLRQ
ZLWK PRVW YDOXHV IDOOLQJ LQWR RQH ODUJH JURXS ZLWK
KLJKVFRUHVRIDURXQGWRPPDQGWR
IRU */ DQG /: UHVSHFWLYHO\ ,Q JHQHUDO WKH ULFH
PXWDQWVKDYHVKRUWVL]HDQGEROGVKDSH*/PP
DQG /:   ± EDVHG RQ ,55, FODVVLILFDWLRQ
 3&* UDQJHG IURP  ': WR
 ': DQG ': ZLWK D PHDQ RI
 6XSSOHPHQWDO 7DEOH  7KH IUHTXHQF\
GLVWULEXWLRQIRU3&*ZDVVNHZHGULJKWXQLPRGDOZLWK
 RI ULFH PXWDQWV IDOOLQJ LQWR  WR  DOVR
VKRZLQJVRPHRXWOLHUVLHYDOXHVRI3&*ZLWKODUJH
GLVWDQFHIURPRWKHUREVHUYDWLRQV)LJ
Milling quality  
%URZQULFH\LHOG%5<UDQJHGIURP':
WR':ZLWKDPHDQRI0LOOHG
ULFH \LHOG 05< UDQJHG IURP': WR
':ZLWKDPHDQRIDQG'0
UDQJHGIURP':WR':
ZLWKDPHDQRI6XSSOHPHQWDO7DEOH7KH
IUHTXHQF\ GLVWULEXWLRQV IRU %5<05< DQG'0 DUH
VKRZQLQ)LJ%5<DQG05<VNHZHGOHIWXQLPRGDO
GLVWULEXWLRQ ZLWK PRVW YDOXHV IDOOLQJ LQWR  WR
Table 1. Correlation coefficients among grain yield components and grain quality traits.
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DQG6LJQLILFDQWDWWKHDQGOHYHOVUHVSHFWLYHO\
*<*UDLQ\LHOG3603DQLFOHQXPEHUSHUVTXDUHPHWHU*3*UDLQQXPEHUSHUSDQLFOH*ZJ*UDLQZHLJKW*60*UDLQQXPEHUSHUVTXDUH
PHWHU*/*UDLQOHQJWK*:*UDLQZLGWK/:/HQJWKWRZLGWKUDWLR3&*3HUFHQWDJHRIFKDON\JUDLQV%5<%URZQULFH\LHOG05<0LOOHG
ULFH\LHOG'0'HJUHHRIPLOOLQJ$&$P\ORVHFRQWHQW3&3URWHLQFRQWHQW
Fig. 2. Variation of Wuyujing 3 mutants in grain yield.
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 DQG  WR  IRU %5< DQG05<
UHVSHFWLYHO\ZKLOH'0VNHZHGULJKWXQLPRGDOGLVWUL
EXWLRQZLWKPRVWYDOXHVIDOOLQJLQWRWR
Chemical quality traits  
,Q JHQHUDO DP\ORVH FRQWHQW DQG SURWHLQ FRQWHQW DUH
XVHG DV LQGLFDWRUV RI HDWLQJ FRRNLQJ DQG QXWULWLRQDO
TXDOLWLHV UHVSHFWLYHO\ 7KH UHVXOWV VKRZHG WKDW $&
UDQJHGIURP':WR':
ZLWK D PHDQ RI  3& UDQJHG IURP 
': WR  ': ZLWK D PHDQ RI
 6XSSOHPHQWDO 7DEOH  7KH IUHTXHQF\
GLVWULEXWLRQVIRU$&DQG3&DUHVKRZQLQ)LJ7KH
GLVWULEXWLRQ ZDV PXOWLPRGDO IRU $& ZLWK YDOXHV
IDOOLQJLQWRWZRGLVWLQFWJURXSVRQHZLWKYHU\ORZ$&
 RI ULFH PXWDQWV ZLWK $&   DQG WKH
RWKHU ZLWK ORZ $&  RI ULFH PXWDQWV ZLWK $&
±7KH3&KDGDPXOWLPRGDOGLVWULEXWLRQ
ZLWK PRVW YDOXHV IDOOLQJ LQWR RQH PDMRU JURXS DQG
RWKHUYDOXHVLQWRDQRWKHUVXEJURXS
Relationships among physical and chemical quality 
traits 
7KH GHWHUPLQDWLRQ RI UHODWLRQVKLSV DPRQJ WUDLWV PD\
IDFLOLWDWH WKH VHOHFWLRQ RI WKH PRVW LPSRUWDQW
FKDUDFWHULVWLFLQEUHHGLQJSURJUDPV.RXWURXEDVHWDO
 7KH FRUUHODWLRQ FRHIILFLHQWV DPRQJ JUDLQ
TXDOLW\ WUDLWV DUH VKRZQ LQ 7DEOH  7KHUH ZHUH
VLJQLILFDQW FRUUHODWLRQV EHWZHHQ DSSHDUDQFH TXDOLW\
PLOOLQJ TXDOLW\ DQG QXWULWLRQDO TXDOLW\ 3&* KDG QR
VLJQLILFDQW FRUUHODWLRQ ZLWK RWKHU DSSHDUDQFH TXDOLW\
WUDLWV */DQG/:ZKLOH*/ZDVVLJQLILFDQWO\DQG
SRVLWLYHO\ FRUUHODWHG ZLWK /: VXJJHVWLQJ WKDW
VHOHFWLRQ RI ULFHPXWDQWVZLWK ORQJ*/PD\ UHVXOW LQ
SRVLWLYH UHVSRQVH RI /: EXW FRXOG QRW LQIOXHQFH
3&* 7KH 3&* ZDV VLJQLILFDQWO\ DQG QHJDWLYHO\
FRUUHODWHGZLWK05<DQGVLJQLILFDQWO\DQGSRVLWLYHO\
FRUUHODWHGZLWK'0LQGLFDWLQJWKDWULFHPXWDQWVZLWK
Fig. 3. Variation of Wuyujing 3 mutants in quality traits.
'HJUHHRIPLOOLQJ
-RVH'DQLHO$%$&$5HWDO9DULDWLRQLQ<LHOGDQG3K\VLFRFKHPLFDO4XDOLW\7UDLWVDPRQJ-DSRQLFD5LFH0XWDQWV
KLJK 3&* YDOXHV FRXOG KDYH KLJK ORVV GXULQJ
SURFHVVLQJ UHVXOWLQJ LQ ORZ 05< %5< DQG 05<
ZHUHVLJQLILFDQWO\DQGQHJDWLYHO\FRUUHODWHGZLWK'0
LQGLFDWLQJ WKDW 05< GHFUHDVHV ZLWK LQFUHDVLQJ EUDQ
OD\HUUHPRYDOGXULQJWKHPLOOLQJSURFHVV
$P\ORVHFRQWHQWKDGVLJQLILFDQWSRVLWLYHFRUUHODWLRQ
ZLWK*/VXJJHVWLQJWKDWVHOHFWLRQRIULFHPXWDQWVZLWK
KLJKYDOXHVRI*/FRXOGUHVXOWLQSRVLWLYHUHVSRQVHRI
$& 3& ZDV VLJQLILFDQWO\ DQG QHJDWLYHO\ FRUUHODWHG
ZLWK *: DQG '0 DQG VLJQLILFDQWO\ DQG SRVLWLYHO\
FRUUHODWHGZLWK0<5VXJJHVWLQJWKDWVHOHFWLRQRIULFH
PXWDQWVZLWKKLJK3&YDOXHVDQGDYRLGLQJKLJKORVVRI
EUDQOD\HUGXULQJPLOOLQJSURFHVVFRXOGUHVXOW LQKLJK
0<5
DISCUSSION 
Grain yield 
-LDQJVX 3URYLQFH SURYLGHV DURXQG  RI WKH
QDWLRQDOULFHSURGXFWLRQ LQ&KLQD67$7,67$
DQG LV VXLWDEOH IRU SODQWLQJ VHYHUDO HFRW\SH ULFH
FXOWLYDUVDQGKDVEHHQGRPLQDWHGE\MDSRQLFDW\SHVLQ
UHFHQW\HDUV$WD8O.DULPHWDO,QODVW WKLUW\
\HDUV -LDQJVX3URYLQFHZHQW WKURXJK WKUHHSKDVHVRI
GHYHORSPHQW RI KLJK \LHOGLQJ MDSRQLFD FXOWLYDUV ,Q
WKHILUVWSKDVHWKHEHVWFXOWLYDU<DQMLQJZDVEUHGLQ
 ZLWK \LHOG RYHU  WKP:X\XMLQJ  ZLWK
\LHOG RYHU  WKP ZDV EUHG LQ  GXULQJ WKH
VHFRQG SKDVH DQG :X\XQMLQJ  ZLWK \LHOG RI RYHU
WKPZDVEUHG LQGXULQJWKHWKLUGSKDVH
+RZHYHU VLQFH  WKH \LHOGV RI GLIIHUHQW EUHG
YDULHWLHV KDYH EHHQ IOXFWXDWLQJ EHWZHHQ  DQG
 WKP =KDQJ HW DO 2XU UHVXOWV VKRZHG
WKDW DOPRVW RI ULFHPXWDQWV IDOO LQWR WKH FXUUHQW
\LHOGUDQJH,QDGGLWLRQRIWKHPZHUHIRXQGWR
KDYH KLJKHU \LHOGV ZLWK YDOXHV XS WR  WKP
LQGLFDWLQJWKDWVRPHPXWDQWVSRVVHVVJRRGSURGXFWLYLW\
,Q UHODWLRQ WR \LHOG FRPSRQHQWV *60 ZDV WKH
ODUJHVW FRQWULEXWRU WR WKH ILQDO \LHOG $Q H[SODQDWLRQ
IRU WKLV LV WKDW WUDQVSODQWHG ULFH FXOWLYDUV KDYH EHHQ
GHYHORSHG WR KDYH D ORQJ YHJHWDWLYH SKDVH DQG
SURGXFH ODUJH QXPEHU RI WLOOHUV &KDPSDJQH 
ZKLFK PDNHV WKH ILOOHG VSLNHOHW QXPEHU SHU VTXDUH
PHWHU D PDMRU GHWHUPLQDQW LQ \LHOG YDULDWLRQ
$SSUR[LPDWHO\ RI WKH \LHOG YDULDWLRQV LV GXH WR
WKLV \LHOG FRPSRQHQW DV UHSRUWHG E\ <RVKLGD DQG
3DUDR
Grain quality traits  
5LFHJUDLQVRIWHQKDYHDUHDVZKLFKDUHUDWKHURSDTXH
FRPSDUHG WR WKH JHQHUDO WUDQVOXFHQW DSSHDUDQFH
%KDWWDFKDU\D  7KLV FKDUDFWHULVWLF NQRZQ DV
FKDON\ JUDLQ DIIHFWV PLOOLQJ PDUNHWLQJ DQG VWRUDJH
SURSHUWLHV6ZDP\DQG%KDWWDFKDU\D3UHYLRXV
VWXGLHVUHSRUWHGWKHRFFXUUHQFHRIKLJKFKDON\JUDLQDV
WKH PDLQ SUREOHP LQ WKH DSSHDUDQFH TXDOLW\ RI
MDSRQLFDULFHLQWKH<DQJW]H5LYHU9DOOH\4LDRHWDO
<DQJHWDO,QWKLVVWXG\UHVXOWVVKRZHG
WKDWDERXWRIULFHPXWDQWVKDG3&*YDOXHVORZHU
WKDQ7KLVUDQJHRIYDOXHVLVDFFHSWDEOHIRUXVHLQ
EUHHGLQJ SURJUDPV .RXWURXEDV HW DO  ,W LV
LPSRUWDQWWRQRWHWKDWRIWKHULFHPXWDQWVKDG
3&*YDOXHVEHORZFRQVLGHUHGDVFODVV,DFFRUGLQJ
WR&KLQD¶V VWDQGDUG DSSHDUDQFH TXDOLW\ FODVVLILFDWLRQ
7KLVWKHUHIRUHLVDJRRGLQGLFDWRURIDSSHDUDQFHTXDOLW\
DQGDSRVVLELOLW\IRULPSURYLQJULFHPDUNHWYDOXH
7KH REMHFWLYH RI PRGHUQ ULFH PLOOLQJ LV QRW
WHFKQLFDO EXW HFRQRPLF &KDPSDJQH  +HQFH
WKHGHWHUPLQDWLRQRIKRZPXFKRI WKHFRQVWLWXHQWVRI
WKH RXWHU OD\HUV WR EH UHPRYHG KDV EHHQ FUHDWLQJ
FRQWURYHUV\ IRU DOPRVW D FHQWXU\ 7KLV LV GXH WR WKH
YLWDPLQV DQG PLQHUDOV ORFDWHG LQ WKH RXWHU OD\HUV
ZKLFK ZKHQ UHPRYHG LQ D ODUJH TXDQWLW\ DUH QRW
DYDLODEOH IRU LPPHGLDWH KXPDQ FRQVXPSWLRQ
%KDWWDFKDU\D  0DQ\ UHVHDUFKHUV VXJJHVWHG
WKDW HVWLPDWLRQ RI %5<05< DQG '0 SOD\ D YHU\
LPSRUWDQWUROHLQXQGHUVWDQGLQJWKHHFRQRPLFYDOXHRI
ULFH &KDPSDJQH  %KDWWDFKDU\D  05<
YDOXHV RI  RU EHORZ DUH XQGHVLUDEOH DV WKLV
LPSOLHV WKDW KDOI RI WKH ULFH LV GLVFDUGHGDVKXVNDQG
EUDQ DIWHU PLOOLQJ $GX.ZDUWHQJ HW DO  2XU
UHVXOWVVKRZHGWKDWDOO%5<YDOXHVZHUHLQWKHUDQJH
RI ± ZKLFK LV DFFHSWDEOH IRU %<5
DFFRUGLQJWR-XOLDQRHWDO6DGDQDQGHVZDUDDQG
%KDWWDFKDU\D  05< YDOXHV IRU DOO PXWDQWV
ZHUH DERYH  KRZHYHU '0 YDOXHV ZHUH KLJKHU
WKDQ WKH UDQJH '0    RU OHVV FRQVLGHUHG E\
%KDWWDFKDU\D  DV WKH EHVW UDQJH IRU '0 7KLV
PD\ EH GXH WR WKH HTXLSPHQW XVHG LQ WKLV VWXG\
$FFRUGLQJ WR %KDWWDFKDU\D  '0 YDOXHV XS WR
RUHYHQKLJKHUFDQHDVLO\EHDFKLHYHGZKHQ
6DWDNH WHVWLQJ PLOO HTXLSPHQW LV XVHG 2YHUDOO RXU
UHVXOWV VXJJHVW WKDW LQ EUHHGLQJ SURJUDPV D FOHDU
GHILQLWLRQRIPLOOLQJSURFHVVSROLFLHVLVQHFHVVDU\QRW
RQO\WRHQVXUHHFRQRPLFYDOXHEXWDOVRSURYLGHEHWWHU
QXWULWLRQDOYDOXHIRUFRQVXPHUV
3&LVPDMRULQGLFDWRURIQXWULWLRQDOTXDOLW\DQGLWLV
DIIHFWHG E\ PDQ\ IDFWRUV VXFK DV FXOWXUDO SUDFWLFHV
HQYLURQPHQWVJHQHWLFLQWHUDFWLRQVDQGPLOOLQJSURFHVV
-XOLDQRDQG%HFKWHO&KDPSDJQH,QWKLV
5LFH6FLHQFH9RO1R 
VWXG\ UHVXOWV VKRZHG WKDW DOO 3& YDOXHVZHUH ORZHU
WKDQDYDOXHFRQVLGHUHGDVDQLQGLFDWRURIO\VLQH
FRQWHQWEHKDYLRU$QLQFUHDVHRISURWHLQFRQWHQWXSWR
 ZLOO GHFUHDVH WKH O\VLQH FRQWHQW RI SURWHLQ DQG
QHJDWLYHO\ DIIHFWV WKH GLJHVWLELOLW\ DQG QHW SURWHLQ
XWLOL]DWLRQ %KDWWDFKDU\D  KRZHYHU WKH VDPH
HIIHFWZLOOQRWEHREVHUYHGZKHQ3&YDOXHVDUHKLJKHU
WKDQ  &KDPSDJQH  %KDWWDFKDU\D 
$OWKRXJKULFHPXWDQWVLQWKLVVWXG\KDG3&EHORZWKH
FULWLFDOYDOXHWKHQHWSURWHLQXWLOL]DWLRQPLJKWGHFUHDVH
GXULQJFRRNLQJ VLQFH ULFH JHQHUDOO\KDVDQH[FHVVRI
WKH HVVHQWLDO VXOIXUFRQWDLQLQJ DPLQR DFLGV F\VWHLQH
DQG PHWKLRQLPH &KDPSDJQH  7KHVH DPLQR
DFLGV DUH GHILFLHQW LQ OHJXPH SURWHLQV ZKLFK KDYH
H[FHVVO\VLQH7KHUHIRUHDGLHWRIULFHDQGOHJXPHVLV
KLJKO\ UHFRPPHQGHG 5DQG HW DO  7KLV LV
DXJHUV ZHOO VLQFH OHJXPHV VXFK DV VR\EHDQV DUH WKH
FRPPRQGLHWIRUPRVWSHRSOHLQ&KLQD+HDQG&KHQ
,QUHODWLRQWR$&RXUUHVXOWVFRLQFLGHZLWKWKDW
SUHYLRXVO\UHSRUWHGE\*XHWDODQG<DQJHWDO
IRUFXOWLYDU:X\XMLQJLHDOOULFHPXWDQWVLQ
WKLVVWXG\KDGYHU\ORZWRORZ$&ZKLFKFRQWULEXWHV
WRWKHFKDUDFWHULVWLFRIEHLQJVRIWDIWHUFRRNLQJ7KXV
ZHFDQFRQFOXGHWKDWPRVWRI WKHULFHPXWDQWVLQWKLV
VWXG\PD\H[KLELWJRRGHDWLQJDQGFRRNLQJSURSHUWLHV
Relationship among physicochemical quality traits 
,Q WKLV VWXG\ UHVXOWV VKRZHG WKDW DSSHDUDQFH TXDOLW\
WUDLWV3&*DQG*/ZHUHVLJQLILFDQWO\FRUUHODWHGZLWK
PLOOLQJ TXDOLW\ WUDLWV %5<DQG05<ZKLFK FDQ EH
H[SODLQHG E\ WKH JHQHWLF IDFWRUV /RX HW DO 
UHSRUWHG D TXDQWLWDWLYH WUDLW ORFXV 47/ IODQNHG E\
50DQG50WKDWKDVHIIHFWVRQ*/%5<DQG
05< ,Q DGGLWLRQ 3&* FDQ EH DVVRFLDWHG ZLWK
EUHDNDJH GXULQJ WKH PLOOLQJ SURFHVV 6LQJK HW DO
 3& KDG VLJQLILFDQW SRVLWLYH FRUUHODWLRQ ZLWK
05< DQG QHJDWLYH FRUUHODWLRQ ZLWK '0 $Q
H[SODQDWLRQ IRU WKH UHODWLRQVKLS EHWZHHQ 3& DQG
PLOOLQJTXDOLW\WUDLWVFRXOGEHWKDWPDQ\RIWKHSURWHLQ
ERGLHV LQ WKHSURWHLQPDWUL[SURPRWH VWURQJDGKHVLRQ
EHWZHHQ SURWHLQ DQG VWDUFK UHVXOWLQJ LQ KDUGHU
HQGRVSHUPZLWKOHVVFUDFNV;LHWDODYRLGLQJ
WKH RFFXUUHQFH RI EUHDNDJH GXULQJ PLOOLQJ DQG
LQFUHDVLQJ WRWDO 05< 6LPLODU UHVXOWV KDYH EHHQ
UHSRUWHGE\3HUH]HWDO2QWKHRWKHUKDQGWKH
KLJKGHJUHHRIEUDQUHPRYDOGXULQJPLOOLQJUHVXOWVLQ
KLJK'0YDOXHV NQRZQDV ULFHEUDQ FRQWDLQV±
 RI SURWHLQ &KDPSDJQH  WKHUHIRUH KLJK
'0 YDOXHV DUH DVVRFLDWHG ZLWK QHJDWLYH UHVSRQVH RI
3&$&RQO\KDGVLJQLILFDQWFRUUHODWLRQZLWK*/DQG
WKLVZDVXQH[SODQDEOH,QDSUHYLRXVVWXG\/RXHWDO
VKRZHGWKDW$&KDGQRVLJQLILFDQWFRUUHODWLRQ
ZLWK RWKHU TXDOLW\ WUDLWV 7KH\ H[SODLQHG WKDW $& LV
XVXDOO\FRQVLGHUHGWREHPDLQO\FRQWUROOHGE\WKHWx
JHQH ZLWK PRGLILFDWLRQV E\ RWKHU PLQRU 47/V
VXJJHVWLQJ WKDW $& LV VXLWDEOH IRU PDUNHUDVVLVWHG
VHOHFWLRQLQULFHEUHHGLQJSURJUDPV
CONCLUSIONS  
7KHUHZDVZLGH YDULDWLRQDPRQJ ULFHPXWDQWV IRUDOO
WUDLWV PHDVXUHG LQ WKH SUHVHQW VWXG\ DQG WKLV EULQJV
EHWWHU SRVVLELOLWLHV WR FKRRVH GHVLUHG WUDLWV DFFRUGLQJ
WREUHHGLQJ SURJUDPV7ZHQW\ILYH ULFHPXWDQWV VXFK
DV ': ': ': ': DQG
': H[KLELWHG JRRG TXDOLW\ VXFK DV ORZ
SHUFHQWDJHRIFKDON\JUDLQVORZDP\ORVHFRQWHQWDQG
RSWLPDO SURWHLQ FRQWHQW DFFRUGLQJ WR WKH ORFDO
UHTXLUHPHQWVDVZHOODVJRRGSURGXFWLYLW\7KHUHIRUH
WKH\ PD\ KDYH WKH SRWHQWLDO WR EH HOLWH JHUPSODVP
7KH UHODWLRQVKLSV DPRQJ WUDLWV LQGLFDWHV WKDW
LPSURYHPHQW RI ULFH PXWDQW DSSHDUDQFH TXDOLW\ LH
GHFUHDVLQJ 3&* FRXOG LQFUHDVH PLOOLQJ TXDOLW\ WUDLW
05<DQGDOVRLPSURYH QXWULRQDOTXDOLW\WUDLW3&
:H VXJJHVW WKDW ULFH PXWDQWV ZLWK JRRG TXDOLW\ EXW
ZLWKSRRUSURGXFWLYLW\RUYLFHYHUVDFDQEHXVHGDVD
VRXUFHIRURWKHUEUHHGLQJSURJUDPV7KHLQQRYDWLRQRI
RXUVWXG\ZDVWKHIDFWWKDWZHEXLOWDSK\VLFRFKHPLFDO
ULFH TXDOLW\ WUDLW IRXQGDWLRQ DQG VFUHHQHG RXW ULFH
PXWDQWV ZLWK ORZ FKDONLQHVV JUDLQ UDWH DV SRWHQWLDO
HOLWH JHUPSODVP DQG WKLV LQ SDUWLFXODU LV RI
VLJQLILFDQFH IRU:X\XMLQJ  SRVVHVVLQJ KLJK FKDON\
JUDLQ UDWH 7KXV WKH PXWDQWV LGHQWLILHG PD\ OHDG WR
VLJQLILFDQWSURJUHVVLQLPSURYHPHQWRIULFHTXDOLW\
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SUPPLEMENTAL DATA 
7KHIROORZLQJPDWHULDOLVDYDLODEOHLQWKHRQOLQHYHUVLRQRI
WKLV DUWLFOH DW KWWSZZZVFLHQFHGLUHFWFRPVFLHQFH
MRXUQDOKWWSZZZULFHVFLHQFHRUJ
6XSSOHPHQWDO7DEOH *UDLQ\LHOG\LHOGFRPSRQHQWV
DQGJUDLQTXDOLW\WUDLWVIRUMDSRQLFDULFHPXWDQWV
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